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4S4` Mr .  Smee on the Cause of  the Reduction of  Metals 

accura te  subst i tute  for chemica l  analysis ,  a l though it  may  be 
usefid as a rough mode  o f  app rec i a t ing  the  pu r i t y  o f  an oil 
o r  the  s t reng th  of  a solut ion o f  sugar ,  

I subjoin a table of  the  resul ts  of  some exper iments ,  and  
shall  have  grea t  p leasure  in examin ing  any o ther  samples  that  
may  be sent  or  b rough t  to me at  the L a b o r a t o r y  at  St. T h o -  
mas 's  Hosp i t a l .  

Table of  some rotath~g Liquids. 
Right-handed. 

Depth 10 inches. 180 ° rotation. 
Essen t ia l  oil of  ca raway  200 ° 9 inches.  

. . . . . .  di l l  . 190 ° 9"5 . . .  

. . . . . .  lemon . . 150 ° 12 . . .  
Rect i f ied  oil of  tu rpent ine  50 ° 36 . . .  
C o m m o n  oil of  t u r p e n t i n e .  40 ° 4,5 . . .  
Essent ia l  oil of  n u t m e g .  :33"5 ° 53"46 . . .  
Solu t ion  of  1734 grs.  cam-  

p h o r i n  2105 grs .  a lcohol  52 ° $4"5 . . .  

Solu t ions  o f  cane-sugar  in cohl  dis t i l led water  : 
Equa l  weights,  sp. gr .  1"2371 104 ° 17"307...  
1 sugar  to 2 water  1 '1473 70 ° 25"7 . . .  
1 sugar  to 3 water  1"107 50 ° 36"0 . . .  

Left-handed, 
Depth 10 inches. 180 ° rotation. 

Essent ia l  oil of  e u b e b s .  . 83 ° 21 '8 inches.  
. . . . . .  l avender  . 20 ° 90 . . .  

Table o f  Essential Oils examined and possessing no rotatblg 
energy. 

Essent ia l  oil o f  anise. 
. . .  . . .  C l O V e S ,  

. . . . . .  p imento .  

. . . . . .  chamomile .  

. . .  . . .  calamus.  

L X X I I I .  On the Cause of the Reduction of Metals when s'olu- 
tions o.I" their salts are subjected to the Galvanic Curreut. 
B y  ALP~tED SMwE, Esq., _F.R.S., Surgeon 1o the Bank of  
.England, 3ic. *~ 

I .  A ' ~ "  the  p resen t  t ime, when the  new science o f  e lec t ro-  
-" me ta l lu rgy  is improv ing  and muh ip l y ing  the ar ts  o f  

this  a l r eady  extensive manufac tur ing  empire ,  there  cannot  be 
a subject  more  fit for the icon~idera t ion  of  the Fel lows o[" the  

* Communicated by the. Author; having been read before the Royal 
Society, March 9~ 1843, as recorded in Phil. Mag. S. 3. vol xxiii, p. 51. 
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from their Solutions by the Galvanic Cur,'eat. 4,35 

Royal Society than the cause of metals being reduced when 
solutions of their salts ar e subjected to the voltaic circuit. 

2. The opinions of philosophers upon this point, from the 
period when electricity first lent its mighty aid to chemists, are 
various. Some have supposed that hydrogen evolved by the 
decomposition of water reduces the metals, others that the 
poles directly attract the metals to their surfaces, and lately a 
paper has been printed in the Transactions of this Society, 
whereby a new constitution of the salts is inferred ; the acid 
and oxygen being supposed by electrolysis to pass in one di- 
rection, the metal in the other. The first opinion was put for- 
ward by Hisinger and Berzelius, and may be found in the 
Annales de Chimie, vol. li. p. 174. " I I  r~sulte de tous ees 
faits, que l'on a une idle fausse de la r~duetion op~r~e par 
]'~lectrieit~, puis qu'on l'attribue au d~gagement de l'hydro- 
g~ne, comment expliqueroit-on la r~duction du fer et duzine, 
qui ont la propri~t~ de d~eomposer l'eau sans 61eetrieit6." 

A similar opinion has been advocated by Faraday in the 
Philosophical Transactions, and he applied a new name to 
this kind of action, giving it the term electro-chemical action. 
The second hypothesis was promulgated by Sir Humphry 
Davy, who states, "that hydrogen, the alkaline substances, the 
metals, and certain metallic oxides .are attracted by negatively 
electrified metallic surfaces and repelled by positively electri- 
fied metallic surfaces ; and contrariwise, that oxygen and acid 
substances are attracted by positively electrified metallle sur- 
faces, and these attractive and repulsive fi)rces are sufficiently 
energetic to destroy or suspend the usual operation of che- 
mical affinity." (Phil. Trans., 1807, p. 28.)~ 

3. The hypothesis of the direct electrolysis of metallic salts 
has been advanced by Prof. Daniell in consequence of some 
ingenious experiments which have been detailed before this 
Society, anti in which it is supposed that he directly stopped 
the metal in its passage to the negative pole. The mode in 
which the experiments were performed is as follows : - -A so- 
lution of the metallic salt is placed on the positive side of a 
diaphragm apparatus and a solution of potassa on the other 
side, when, on the circuit being completed by a powerful bat- 
tery, the metal is deposited on the diaphragm. From this ex- 
periment it has been conceived that the acid and oxygen are 
in combination, forming a proximate principle, which in snI. 
phate of copper is called oxysulphion ; and the salt of copper 
is believed to be an oxysulphion of copper. When this salt 
is sut~iected to the vohaie circuit he believes it to be directly 
deetrolysed, the oxysulphiorr passing one way and the copper 
the other, 

2 F 2  
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4,S6 Mr. Smee on the Cause of the Reduction of Metals 

4. This experiment is so much at variance with the electro- 
chemical doctrine of Dr. Faraday and tire inference to be 
drawn from my cinder experiment, that on rewriting my Ele- 
ments of Electro-Metallurgy, I felt it to be my duty to exa- 
mine carefully this hypothesis before 1 adopted or rejected 
such an important doctrine. For this purpose his experiments 
were repeated and varied in different ways; and with alkalies 
on the negative side I readily and immediately obtained the 
metal on the diaphragm, but failed when neutral salts were 
used on the negative side, or when solutions of gold and pla- 
tinum were employed on the positive. A series of experiments 
were then instituted on the polarity of solid substances inter- 
posed between two platinum poles. I placed a series of cop- 
per wires in all directions and situations between the poles in 
a solution of sulphate of copper, and found that one part of 
each wire became positive and was dissolved, and another part 
of the same wire became negative and reduced the metal from 
the solution; so that all tile wires were, at different parts, either 
dissolving or increasing. I next extended my examination as 
to the capabilities of platinum wires to become polar, and found 
that a much greater resistance was effected in this case than 
when other metals were employed; still, however, by parti- 
cular management they were readily made to give off abun- 
dance of gas (Elements of Electro-Metallurgy, p. 53, 2nd edi- 
tion). 

5. The polarity of interposed conducting substances having 
been fully proved, I endeavoured to ascertain how far non- 
conducting bodies would take on a similar condition, but could 
not obtain very satisfactory proof on this matter: sufficient evi- 
dence not being obtained to prove the possibility of interposed 
non-conducting substances to become polar, I determined 
not to rely on the investigation for the cause of the reduction 
of the metals on these experiments, but seek proofs fi'om other 
c a u s e s .  

6. I repeated the experiments made in 18S9 and commu- 
nicated to the Philosophical Magazine in 18~0, from which I 
discovered that porous coke or charcoal, when arranged as the 
negative pole in dilute sulphurie acid, absorbed a large quan- 
tity of hydrogen. The mode in which I repeated these expe- 
riments was as follows : - -A piece of well-burnt charcoal or 
cinder was removed red-hot from the fire and quenched in 
dilute sulphurie acid, so that all chance of the presence of 
oxygen in its texture might be precluded. In this state it had 
no efli~ct on metallic solutions. It was then arranged as the 
negative pole in dilute sulphuric acid by connecting it with 
the voltaic battery, when it became charged with hydrogen, 
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f~'om their Solutions by the Galvanic Cur~'ent. •a7 

which was ascertained by the circuit being completed some 
time before gas was evolved fi'om its surface. Pieces of coke 
thus charged with hydrogen were dipped into various metallic 
solutions, when the metal was instantly deposited as a brilliant 
coating on the coke. The deposit of copper affords the most 
beautifi~l example, though the deposit of other metals, as of 
silver and gold, is also striking. Coke charged with hydro- 
.gen retains the property of reducing metals many days after 
its first saturation. 

7. The repetition of these experiments deeply impressed 
my mind that hydrogen evolved from the decomposition of 
water is really the cause of the reduction of the metals, and I 
pursued my experiments to test this idea, the first promul- 
gated on the subject, and the one supported by our eminent 
galvanist, Dr. Faraday. 

8. The next stage of investigation consisted in inquiring as 
to whether the transfer of the metal took plaee uniformly and 
synchronously with this reduction. It is apparent that such 
a transt~r is absolutely necessary to the theory of the direct 
electrolysis of the metallic salt, but let us see what is tile re- 
suit. I prepared an uniform solution of sulphate of eopper~ 
and placed at the bottom of a tall vessel containing it a po- 
sitive copper pole, anti at the upper part a negative pole of the 
same metal, forming a circuit by means of one or two cells of 
my g.alvanie battery. On the action of the voltaic, force bright. 
reguhne copper at first appeared at the negative pole; this 
was followed by a brittle, this by a sandy, this by a spongy 
deposit, this by black powder, and finally hydrogen was 
evolved. 

9. This most important experiment was repeated in a va- 
riety of ways and with various metallic salts, with the details of 
which there is no need to trouble the Society, because the ex- 
periment just described as an example points out in the most 
positive manner that the transfer of metal is not proportionate 
to the metal reduced. The positive pole indicates the same 
i~aet, for it became coated with metallic salt, showing beyond 
all source of f~tllaey that the metallic salt was directly formed 
at one pole and the metal directly reduced from another por- 
tion of the metallic solution at the other. In a neutral solu- 
tion of any metallic salt, as that of copper, the acid is no more 
equally transferred to the positive pole than the metal is to 
the negative; and we find in its decomposition that the posi- 
tive pole is frequently coated with oxide of copper of consi- 
derable thickness, and from the liberation of an equivalent of 
sulphuric acid from the sulphate the solution speedily becomes 
acid. 

10. Not only in the above-described experiments have I 
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438 Mr.  Smee on the Cause of the Reduction of Metals 

observed this fact, but in the experiments of the decomposi- 
tion of above one hundred different salts~ including those of 
twenty distinct metals which I performed for my work on 
Electro-Metallurgy, did the results show themselves more or 
less evidently; and I may state that no electro-metallurgical 
process can be conducted without the production of these phm- 
nomena ; and one of the greatest, if not the very greatest diffl. 
cuhy which the electro-metallurgist has practically to contend 
with, is the variation in the strength of the metallic salts sub- 
jected to decomposition*. 

11. In  what way are the metals reduced if they are not 
transferred from pole to pole ? A careful investigation of a 
solution depositing its metal will at once explain the phmno- 
menon, for from the negative surface a colourless lighter fluid 
is seen to rise, which in some cases will destroy the electro- 
metallurgist 's hopes, by causing grooves on the reduced metal, 
sometimes even to the extent of  an inch or more in depth, and 
the same fluid at other times will cause a sandy or spongy de- 
posit. F rom these facts it is evident that water is formed at 
the negative surface, and that hydrogen probably reduces the 
metallic salt. 

19. W e  have now as arguments in favour of  the reduction of 
the metals by hydrogen gas liberated by decomposition of the 
water, first, the results obtained by the cinder experintent;  
secondly, the non-transference of tile metal; thirdly, the im- 
perfect transference of the acid; fourthly, the rise of a light 
aqueous fluid from the negative pole of a metallic solution. 
W e  have, fifthly, besides these cases, the analogy of  the reduc- 
tion of nitrous acid in Grove 's  battery by hydrogen, for the 
removal of  the gas by the acid gives to it its intensity ; and in 
this case no other mode can even be supposed by which the 
decomposition of the acid is effected, save and except its de- 
composition by hydrogen, T h e  further alteration of the per- 

* November $0,1844.--1 happened to call yesterday upon that excellent 
practical electro-metallurgist, Mr. Horne of Newgate Street, and found that 
he was making an electro-statue of Sir John Crosby, in a mould prepared by 
the sculptor Mr. Sanmel Nixou, from the original model also executed by 
him. Mr. Horne was engaged about the leg, and ha stated that he was 
much troubled by the non-uniform diffusion of the metallic salt through 
the solution. The mode in which he overcame the difficulty was very 
simple: he introduced a glass tube every now and then to the bottom of 
the leg and blew through it, which caused a proper mixture of the exhausted 
and saturated solutions. The fact wa~ a pretty practical example of the 
opinions which I have been endeavouring to enforce; it shows that the 
theorist may in vain attempt to bolster up crude notions, for the practical 
man must, to be successful, not only adopt, lint act upon the true rationale 
of the phmnomena. Societies may determine that the metals are directly 
electrolysed, but the practical mau will find that their edicts will have but 
very little effect upon his processes.~A.S. 
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from their Solutions by the Galvanic Current. 439 

salts of metals into protosalts favours strongly, by analogy, the 
same opinion. Such evidence is amply sufficient, but I have 
now to detail some direct experiments in which hydrogen 
alone reduces metals fi'om various salts. 

13. The mode in which this satisfactory result is obtained 
is very simple. The metallic solution to be examined is placed 
in a glass, a test-tube filled with the same solution is then pro- 
cured, into which a slip of platinum, platinized as for the con- 
struction of my battery, is then placed. The whole is then 
placed within a glass of metallic solution, and a current of 
hydrogen introduced sufficient to extend half-way up the pla- 
tinized platinum. It will be seen that the arrangement is 
similar to that of one of the tubes of Prof. Grove's elegant gas 
battery, and the various results obtained by this mode of exa- 
mination it will be my duty immediately to explain. 

14. If  the solution employed be chloride of platinum the 
hydrogen disappears gradually, and the black powder of pla- 
tinum is coated here and there by a beautiful bright layer of 
reguline metal. 

15. With a solution of chloride of gold the same result is 
seen, the platinum being gilt with a beautiful deposit of metal. 
With this salt the action is immediate. 

16. With nitrate of palladium the hydrogen is rapidly ab- 
sorbed and bright palladium deposited. 

17. With nitric acid and platinized platinum the hydrogen 
is gradually absorbed and the acid decomposed. 

18. A solution of sulphate of copper under similar exami- 
nation yields a plentiful crop of small crystals of copper in a 
short period. 

19. A solution of persulphate of iron yields rapidly its 
oxygen and becomes converted into the protosulphate. 

20. A solution of nitrate of silver yields slowly small cry- 
stals of silver, but the action with this metal is not so rapid. 

21. The hydrogen was slowly absorbed when exposed to a 
solution of muriate of tin in contact with platinized platinum. 

22. Nickel was slowly deposited from the chloride, when 
exposed under similar circumstances, as a white deposit. 

23. Hydrogen, contrary to my expectations, did not appear 
to reduce iodine from iodic acid. 

24. From the solution ofprotosalts of iron I could not de- 
termine that the metal was redueed. 

25. I next subjected to experiment the extraordinary com- 
pounds of cyanogen tbrming the metallo-cyanides. From the 
auroeyanide of potassium I obtained metallic gold. 

26. The argento-cyanide of potassium, in a similar way, 
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440 Mr. Smee on the Cause of the Reduction of  Metals 

yielded slowly silver, the hydrogen becoming at the same time 
lessened. 

27. These last two results are interesting to the chemist, 
for it appears to open a path for investigation on the nature of 
these very curious and now highly important combinations. 

28. Such were my results wTth platinized platinum and hy- 
drogen; the hydrogen becoming absorbed and the metals being 
reduced. It was tbund that chloride of platinum, chloride of 
palladium, persalts of iron, chloride of gold, and nitric acid 
yielded the oxygen most rapidly. It next became my endea- 
your to ascertain how far other metals, or different conditions 
of the same metal, might be used; and smooth platinum was 
next the subject of experiment. With sulphate of copper or 
persalts of iron no absorption however took place. 

29. Palladinized platinum was made the subject of experi- 
ment ; and when employed with hydrogen in a manner similar 
to platinized platinum in sulphate of copper, it caused that 
metal to be reduced. 

30. The effects of silver were then examined, and for that 
purpose a piece, carefully cleaned by nitric acid, was immersed 
in a solution of coppcr in contact with the hydrogen, but no 
change occurred even after many days. 

31. No better result attended the employment of silver 
sponge used for the same purpose. 

39. Nor did the black deposit of silver answer better to 
effect the absorption of the hydrogen, and the reduction of the 
metal from a solution of sulphate of copper did not occur. 

33. Copper, both in its bright and spongy states, was next 
examined; in its bright state, cleansed by nitric acid, no 
change occurred. 

34. In the spongy state it appeared to be of no greater 
efficacy to cause the reduction of the metal. 

35. Considering the interest attached to carbon in the cinder 
experiment, detailed in a former part of this paper, a piece of 
carbon was exposed to the action of hydrogen and a solution 
of copper, buts singular to state, no deposit of copper took place, 
nor was any hydrogen absorbed. In lqact I have no mecha- 
nical method of charging coke with hydrogen, by which it can 
be made to cause the reduction of the metals. 

36. The last set of experiments which I instituted upon the 
reduction of the metals by hydrogen was the value of bibulous 
paper to effect that object. In dilute chloride of gold appa- 
rently no action after two or three days took place. 

37. In a solution of sulphate of copper, after many days, 
no action apparently occurred with paper and hydrogen. 
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from their Solutions b 3 the Galvanic Current. 4¢1 

38. In a solution of nitrate of silver the same negative re- 
sult with paper occurred*. 

39. The  persulphate of iron was not changed into the proto- 
salt by the action of that gas in contact with paper, 

40. As a summary of results obtained oil the direct reduc- 
tion of the metals fi'om their solutions by hydrogen, it may be 
stated generally, that platinized and palladinized platinum 
alone were tbund to be competent to promote that change. 
neg, ative resnlts being obtained, with. smooth platinum, smoo°tl~ 
silver, black powder ot silver, bright copper, spongy copper, 
cinder or paper. These negative results are by no means to 
be taken as a proof that under these circumstances hydrogen 
might not reduce the metals, for it is possible under certain 
conditions that many other substances, like finely-divided pla- 
tinum, might possibly take on the power of assisting in this 
mysterious way the absorption of tile gas. 

~rl. These various direct experiments of the deoxidizing 
agency of hydrogen gas are valuable to the electrician, as they 
point out the cause of some of tile most interesting galvanic 
phmnomena. To  the electro-metallurgist they assume a much 
higher importance, for they point out to him, that in the de- 
composition of the metallic fluid the uniform strength will not 
be preserved by the changes taking place by virtue of the vol- 
taic current. H e  must therefore remember in all cases to 
bring into play the attraction of gravity, not only to cause the 
diffusion of the newly-formed salt, fi'om which the metal is to 
be deposited, but the acid to dissolve the oxide formed at the 
positive pole. The  mode in which the metals are reduced 
may appear quite immaterial to the practical man, but he will 
find that the non-uniform ditthsion of the metallic salt arising 
fi'om the particular manner in which tile reduction takes place~ 
is the cause nearly of all his troubles. 

42. From all these experiments we have an overwhelming 
body of evidence, of different kinds, to support the notion of  
the reduction of metals ti'om their solution by hydrogen. Th e  
direct reduction in the cinder experiment, the non-transference 
of the metal, the imperthct transference of the acid, the rise of  a 
light aqueous fluid fi'om the negative pole, the analogous case 

* November 4, 1844.--After some time the paper exhibited a black depo. 
sition of silver; the surface of the glass tube became incrusted with a bril- 
liant layer of metallic silver. The importance of this experiment is mani- 
fest~ for it shows that hydrogen and siliceous matter may at any time reduce 
metals from their solutions, a power doubtless in frequent operation in 
the bowels of the earth. How far metallic veius a~e thus deposited remains 
to be proved by future investigations. The decomposition of organic 
matter will always yield hydrogen, and hydrogen, under certain circum- 
stances, will always reduce metals from the solutions of their salts. 
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442 Mr. Sylvester on Absolute Criteria 

of the decomposition of nitric acid and persahs of iron, and 
finally the direct experiments of the reduction of gold, silver, 
platinum, palladium, nickel, copper, tin, and the decomposi- 
tion of the persalts of iron and nitric acid inclosed within a 
tuber appear to set the question to rest, and to point out in the 
clearest manner that h~ydrogen is the cause of the reduction of 
the metals. All the experiments which I have detailed only 
add confirmation to the valuable researches of Faraday on 
Electro-Chemical Decomposition, published in the Philoso- 
phical Transactions. To the inquiring mind a question na- 
turally arises as to whether the hydrogen reduces the metal 
directly from the metallic solution, or whether it reduces its 
oxide. The former opinion, from the above experiments, ap- 
pears to be most worthy of credit, tlmugh should other facts 
be discovered to elucidate that action, they will form sub- 
jects hereafter of a separate communication to this Society. It 
follows from these interesting experiments, that when a solu- 
tion of metallic salt is subjected to the voltaic influence, the 
water is decomposed, oxygen passing one way and hydrogen 
the other; and that this hydrogen at the moment of decom- 
position on the negative plate performs the same part to sul- 
phate of copper and other metallic salts that a piece of iron 
or zinc would to the same solutions. 

L X X I V .  On the Existence of Absolute Crileria for determi. 
ning the Roots or'Numerical JEquations. By J. J. SYLVrZSTmt, 
.Esq., M.A., F.R.S.* 

I W I S H  to indicate in this brief notice a fact which I be- 
lieve has eseaped observation hitherto, that there exisb 

certainly in some cases, and probably in all, infallible criteria 
for determining whether a given equation has all its roots ra- 
tional or not. 

In the equation of the second degree it is enough, in order 
that this may be the case, that the expression for tile square 
of the difference of the roots shall be a perfect square; in other 
words, i f x~- -px+ q=O have its roots rational, p~--,rq must 
be not only a positive number (the condition of the roots being 
real), but that number must also be a complete square. In 
this case it is filrther evident that (_p) must be either prime to 
q, or if uot, the greatest common measure of p~ and q must 
be a perfect square; but this condition is contained in tim 
former, which is a sufficient criterion in itself'. 

I f  we now consider the equation of the third degree, 
a~--p x~ + q x--r=O, 
Communicated by the Author. 
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